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Summary  An  attempt  has  been  made  to  develop  the  microchannel  of  hydraulic  diameter  less
than or  equal  to  0.5  mm.  These  channels  are  fabricated  using  conventional  milling  machining
process. In  order  to  study  the  inlet  conﬁguration  effect,  two  types  of  junctions  such  as  T  and
Y are  developed.  These  microchannels  are  developed  on  acrylic  substrates  of  300  mm  long  and
30 mm  wide.  The  cross  section  of  the  channel  is  selected  as  non-circular  (square).  The  aim
behind to  develop  small  diameter  minichannel  is  for  development  of  experimental  set  up  on
two phase  ﬂow  through  microsized  channels.  The  cross  section  of  fabricated  microchannel  is
checked with  Scanning  Electron  Microscope  (SEM-S-3400N)  and  found  nearest  to  desired  dimen-
sion. The  objective  of  this  research  is  to  ﬁnd  out  an  alternate  technique  for  the  fabrication  of
microchannel  instead  of  complicated  and  costly  techniques.
© 2016  Published  by  Elsevier  GmbH.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
mIntroductionTwo-phase  ﬂow  in  the  microchannels  plays  an  important  role
in  many  chemical  and  process  industries.  The  application  of
 This article belongs to the special issue on Engineering and Mate-
rial Sciences.
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licenses/by-nc-nd/4.0/).icrochannel  as  a  microheat  pumps,  micro  heat  exchanger
nd  microﬂuidics  devices  make  attention  due  to  dimension
f  its  cross  section.  Furthermore  the  gravitational  and  vis-
ous  forces  become  less  dominant  in  the  microchannels  as
ompared  to  the  inertia  and  surface  tension  forces.  As  a
onsequence,  two-phase  ﬂow  in  microchannels  behaves  dif-
erently  from  that  in  macroscopic  channels.  For  two  phase
ow  through  microchannel,  it  is  observed  that  due  to  the
all  wetting  effect  stratiﬁed  ﬂow  regime  does  not  exist.
he  available  knowledge  in  the  area  of  design  and  analysis
f  micro  ﬂuidic  devices  is  directly  applicable  for  two-phase
icle under the CC BY-NC-ND license (http://creativecommons.org/
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ow.  The  application  of  two-phase  ﬂows  in  micro  tubes  is
ncreasing  frequently  in  many  industrial  ﬁelds  like  cooling  of
lectronic  devices,  Biomedical,  Microelectromechanical  sys-
em  (MEMS),  micro  refrigeration  systems,  and  in  micro-heat
umps  (Santos  and  Kawaji,  2010).  Compact  heat  exchanger
sed  channels  of  diameter  in  the  range  of  1  mm  or  less  than
 mm.  A  micro-channel  heat  exchanger  is  essentially  an  indi-
ect  method  of  cooling,  used  to  maintain  the  temperature
f  chip  or  integrated  circuit  within  operational  limits.  These
eat  exchangers  are  generally  used  in  spacecraft,  lab  on
hip,  in  air  separation  plants,  chemical  process  industries,
nd  nuclear  reactors.
McDonald  and  Whitesides  (2002)  developed  a  new  tech-
ique  to  fabricate  microchannel  on  polytetraﬂuoroethylene
PTFE)  and  ﬂuoroethylenepropylene  (FEP),  in  the  form  of
uter  and  inner  layer  respectively.  They  used  heating,  melt-
ng  and  shrinking  method  for  fabrication  of  microchannel.
hey  used  a  tungsten  wire  to  make  circular  cross  section.
inimum  diameter  of  the  channel  that  can  be  produced,
ependent  upon  the  tungsten  wire  diameter.  They  fabri-
ated  three  sets  of  microchannels  having  the  diameter  of  13,
5  and  50  m  with  the  length  of  up  to  50  mm.  Akbari  et  al.
Akbari,  2010)  developed  the  ﬁrst  use  of  cold  plasma  deposi-
ion  of  polymerizable  monomers  for  the  fast,  cost  effective
nd  easy  fabrication  of  microchannels.  A  new  method  named
‘plasma  polymerisation  on  sacriﬁcial  layer’’  (PPSL)  was  pre-
ented.  Channels  were  formed  with  one  lithographic  mask
nd  without  any  etching  or  bonding  process.  The  use  of
olymerized  TMDS  allowed  a  rapid  creation  of  capillarity-
riven  ﬂow  systems  with  channels  width  ranging  from  4  to
00  m.  Jian  and  Wu  (2010)  fabricated  two  sets  of  silicon-
ased  micro  pulsating  heat  pipes  (SMPHPs)  with  trapezoidal
ross  section  having  hydraulic  diameters  of  352  m  and
94  m  respectively  using  Microelectro  mechanical  system
MEMS)  technology.  Li  et  al.  (Li,  2011)  formed  the  trape-
oidal  microchannel  heat  sink  by  wet  etching  of  the  silicon
afers  in  a  solution  of  Potassium  hydroxide  (KOH).  The  sili-
on  trapezoidal  microchannel  heat  sink  was  20  mm  in  length,
0  mm  in  width,  and  500  m  in  thickness.  An  experimental
nvestigation  has  been  carried  out  to  study  the  ﬂuid  ﬂow
nd  heat  transfer  characteristics  in  a  silicon  heat  sink  with
0  parallel  trapezoidal  microchannels.
Abbas  et  al.  (2009)  fabricated  microchannel  using  of
old  plasma  deposition  of  polymerizable  monomers.  A  new
ethod  named  ‘‘plasma  polymerisation  on  sacriﬁcial  layer’’
PPSL)  is  observed.  It  consists  in  the  direct  polymerisation  of
etramethyldisiloxan  (TMDS)  on  a  photopatterned  sacriﬁcial
ayer.
Darvishi  et  al.  (2012)  examine  ultrafast  laser  machining  of
apered  microchannel  trenches  in  both  hard  (soda—lime  and
orosilicate  glasses)  and  soft  (PDMS  elastomer)  transparent
olids.  They  developed  a  simple  model  for  channel  width  and
epth  as  a  function  of  processing  parameters  and  threshold
uence.  Approximated  channel  sizes  from  the  model  are  in
ood  agreement  with  experimental  results.
abrication procedure of microchannelmall  diameter  or  microchannels  are  fabricated  using  num-
er  of  different  methods  available  in  the  literature.  The
abrication  method  depends  upon  the  substrate,  geometric
f
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eatures  required  and  application  of  microchannel.  It  is
bserved  that  creating  very  ﬁne  surface  of  microchannel
nother  technique  known  as  the  silicon  micro  fabrication
s  used.  The  advantage  of  these  technique  is  to  fabricate
hannel  of  hydraulic  diameter  in  the  range  of  microns.
here  are  numerous  methods  for  fabrication  of  microchan-
el,  micromachining  is  one  of  the  process  which  can  be  used
o  fabricate  channels.  These  methods  are  the  generally
sed  for  metal  substrates.  In  addition  micro  deformation
echnology  (MDT)  is  becoming  more  popular  technique  for
abrication  of  microchannel.  This  new  technology  used  to
abricate  the  microstructures  within  very  high  accuracy  and
igh  aspect  ratio.
Many  studies  have  been  carried  out  on  fabrication  tech-
iques  for  simple  T  or  Y  type  branches  microchannel
ith  cross  section  circular  or  non-circular  (i.e.,  rectangu-
ar,  triangular,  trapezoidal).  The  objective  of  this  work  is
o  develop  microchannels  within  the  range  of  hydraulic
iameter  less  than  or  equal  to  0.5  mm.  These  channels
ere  fabricated  using  conventional  or  traditional  machin-
ng  process.  In  order  to  study  the  inlet  conﬁguration  effect,
wo  types  of  junctions  such  as  T  and  Y  are  developed.
hese  microchannels  are  developed  on  acrylic  substrates  of
00  mm  long  and  30  mm  wide.  The  cross  section  of  the  chan-
el  is  selected  as  noncircular  (rectangular).  The  dimensions
f  fabricated  channels  are  measured  using  Scanning  electron
icroscope.  Images  at  inlet  and  outlet  section  are  captured
sing  vision  measuring  system.
The  microchannels  in  present  study  are  fabricated  using
onventional  milling  machine.  The  fabrication  process  starts
ith  the  laser  cutting  of  acrylic  material  of  required  dimen-
ion  with  high  accuracy.  The  fabrication  of  microchannel  is
ainly  composed  of  two  portions.  In  ﬁrst  part  machining  is
one  on  the  bottom  parts  of  the  acrylic  substrate.  In  that  a
lot  of  rectangular  cross  section  is  cut  using  milling  machine.
n  the  second  part  the  bottom  plate  is  covered  with  the  no
achined  top  layer  of  the  same  material  and  same  dimen-
ion.  Then  make  a  screw  joint  to  couple  both  acrylic  plates
o  get  required  cross  section.  Fabrication  of  microchannel
ncludes  other  machining  process  like  lath  machine  for  mak-
ng  surface  smooth.
easurement of fabricated microchannel
sing Scanning Electron Microscope (SEM)
he  Scanning  Electron  Microscope  (SEM)  is  a  microscope  that
ses  electrons  rather  than  light  to  form  an  image.  There  are
any  advantages  to  using  the  SEM  instead  of  a  light  micro-
cope.  All  the  pictures  were  captured  by  using  the  SEM  kept
t  the  SIC  Laboratory,  SVNIT,  Surat.
Measurement  is  very  critical  part  of  any  fabricated  ele-
ent.  Measurement  shows  the  accuracy  of  the  fabrication
rocess.  After  fabricating  microchannel  it  is  essential  to
easure  the  dimension  and  check  the  required  cross  sec-
ion  of  microchannel.  For  that  purpose  Scanning  Electron
icroscope  (SEM)  is  used.  Fig.  1  shows  the  captured  images
f  microchannel  using  SEM.  It  shows  the  different  view  of
abricated  microchannel.
Different  inlet  geometries  such  as  Y  and  T-junctions  are
abricated.  Table  1  shows  geometrical  parameters  of  fab-
icated  microchannels.  It  is  observed  that  the  fabricated
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Table  1  Geometric  parameters.
Sr.  No.  Microchannel
mixing  junction
(rectangular)
Width
(mm)
Height
(mm)
Length
(mm)
Required
hydraulic
diameter  (mm)
Actual
hydraulic
diameter  (mm)
Angle  (◦)
1 Y-type 0.5  0.5  300  0.5  0.522
120
120
120
2 T-type 0.4 0.4  300  0.4  0.44
90
180
90
3 Y-type 0.4 0.4  300  0.4  0.407
120
120
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MFigure  1  A  close  view  of  400  m  hydraulic  diameter
microchannel  measured  using  SEM.
dimensions  are  found  in  good  agreement  with  desired  dimen-
sion.
ConclusionIn  present  study  an  attempt  is  made  to  develop  new  cost
effective  and  easy  method  for  fabrication  of  microchan-
nel  used  in  analysis  of  two  phase  ﬂow.  Fabrication  of
S120
icrochannel  is  done  by  conventional  milling  machine  and
athe  machine  instead  for  high  cost  fabrication  process.
canning  Electron  Microscope  (SEM  S-3400)  is  used  for  mea-
urement  of  accurate  dimension  of  fabricated  microchannel.
t  is  found  that  the  fabricated  microchannel  have  hydraulic
iameter  nearest  to  the  required  dimension.
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